Three-dimensional structure of influenza A N9 neuraminidase and its complex with the inhibitor 2-deoxy 2,3-dehydro-N-acetyl neuraminic acid.
We present here the three-dimensional structure of neuraminidase (E.C. 3.2.1.18) from influenza virus A/Tern/Australia/G70c/75 (N9), determined by the method of multiple isomorphous replacement, and the structure of the neuraminidase complexed with an inhibitor, 2-deoxy-2,3-dehydro-N-acetyl neuraminic acid (DANA). Native and inhibitor complex crystals are isomorphous and belong to space group I432 with unit cell dimensions of 183.78 A. The native enzyme structure and the inhibitor complex structure have been refined at 2.5 A and 2.8 A resolution, respectively, with crystallographic R-factor values of 0.193 for the native enzyme, and 0.179 for the inhibitor complex. The current enzyme model includes 387 amino acid residues which comprise the asymmetric unit. The root-mean-square deviation from ideal values is 0.013 A for bond lengths and 1.6 degree for bond angles. The neuraminidase (NA), as proteolytically cleaved from the virus, retains full enzymatic and antigenic activity, and is a box-shaped tetramer with edge lengths of 90 A and a maximal depth of 60 A. The NA tetramers are composed of crystallographically equivalent monomers related by circular 4-fold symmetry. Each monomer folds into six antiparallel beta-sheets of four strands. The secondary structure composition is 50% beta-sheet. The remaining 50% of the residues form 24 strand-connecting loops or turns. One of the loops contains a small alpha-helix. The structure of the complex of NA with DANA, a transition state analog, has enabled us to identify and characterize the site of enzyme catalysis. The center of mass of bound inhibitor is 32 A from the 4-fold axis of the tetramer, lodged at the end of a shallow crater of diameter 16 A with a depth of 8 to 10 A. There are 12 amino acid residues that directly bind DANA, with a further six conserved amino acids lining the active site pocket. The neuraminidase inhibitor complex provides a three-dimensional model which will be used to further the understanding of enzymatic hydrolysis and aid the design of specific, antineuraminidase antiviral compounds.